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ABSTRACT

During the period 6-18 October 1982, a U.S. Navy aircraft flew a
series of oceanographic survey flights over the Alboran Sea as part of

Ia multi-platformed international experiment called Donde Va? The
purpose of the flights was to measure the surface and subsurface tem-
perature distribution, the short-term surface flow, and the atmospheric
conditions during the period of the intensive field investigations.

This technical note describes these flights and presents the analyses
of the Precision Radiation Thermometer (PRT-5), the Airborne Expendable
Bathythermograph (AXBT), the sonobuoy drift, and the Inertial Navigation
System (INS) wind data. 7
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AN ANALYSIS OF AIRCRAFT DATA COLLECTED IN THE ALBORAN SEA
DURING DONDE VA?, 6 THROUGH 18 OCTOBER 1982

by

Paul E. La Violette

and

Jeffrey L. Kerling*

I. GENERAL

During the period 6 through 18 October 1982, a U.S. Navy aircraft flew a
series of oceanographic survey flights over the Alboran Sea as part of a
multi-platformed international experiment called Donde Va?** The purpose of the
flights was to measure the surface and subsurface temperature distribution, the
short-term surface flow, and the atmospheric conditions during the period of the
intensive field investigations.

This Technical Note describes these flights and presents the analyses of the
Precision Radiation Thermometer (PRT-5), the Airborne Expendable Bathythemograph
(AXBT), the sonobuoy drift, and the Inertial Navigation System (INS) wind data.

Position information during the flights were recorded simultaneously from the
three navigation systems listed in Table A. These systems were updated several
times during each flight by radar fixes and landmark overflights. A post-flight
navigation accuracy assessment was made to determine each systems's overall
performance. Additional corrections were applied to each fix based on inertial
drift rates in order to plot the most accurate position for individual survey

' events. (Inertial navigation system (INS) #2 showed overall best performance
during the study.) Wind speed was computed continuously by all navigation systems
and recorded in the navigator's logs at the time of each major event.

The aircraft oceanographic and meteorological equipment are described in
Tables B and C, respectively. The dew point hygrometer malfunctioned at the start
of the mission and no humidity data is available.

Surface temperatures were obtained using a PRT-5. A study of the differences
between the PRT and AXBT temperature values Is presented in Table D (the PRT
measures the radiation temperature of the water, whereas the AXBT measures the
sensible water temperature at a depth of approximately one meter). The study was
made by determining the daily mean of differences obtained by subtracting the PRT
temperature value from the AXBT surface temperature value at each AXBT drop point.

' aT-Oceanographic Office, NSTL, MS 39522

**This portion of Donde Va? was sponsored under a contract with Office of Naval

Research, Code 422, Coastal Sciences. The primary objective of Donde Va? was to
measure the velocity and hydrographic structure of the incoming flow of Atlantic
water. A full description of data collection approach to the experiment can be
found in the "Donde Va? Operation Plan." A limited number of copies are available
for individual requestors.

ti
q 1



SPAI ....... 3 -

AMF Wk
AI ~ I 1 .1 1 J..L

VC PC u a w .

G f 9.RA II.360~ v
Ile I2It ofL~~'~

3 R 0 50 C0 40** 30' 3 E -%;

Figure 1. Mapping (A-B) and Marbella Line (C-D) generalized flight tracks from the
Donde Va? operation plan. During the mapping flights AXBTs were dropped every 20 km
along longitudinal lines spaced every 13 minutes of longitude. The inshore AXBTs on
the longitudinal lines on each side of the longitudinal Marbella Line were dropped
at 36025' latitude. AXBTs on the southern extremes of the lines were dropped just
outside the Moroccan 22 km territorial limit.
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Table A. NAVOCEANO SEASCAN AIRCRAFT

yTp - RP-3A, four-engine, turbo prop.
- Five scientists - 13 Navy flight crew.

-gency - Technical Control: U.S. Naval Oceanographic Office, National Space
Technology Laboratories, Mississippi

Operational Control: Oceanographic Development Squadron Eight,
(VXN-8), NAS, Patuxent River, Maryland

Operation Performance
-Operation range: approximately 5,185 km (with 3-engine loiter)

- Operation speeds: plane can operate with one engine loitering depending on
weather and survey requirements - speeds for this survey
are as follows:

Operation area - 333-444 km/hr (3 engines)
Enroute op. area - 555 km/hr (4 engines)

- Max. operation altitude: 3,280 m (unpressurized)
- Min. operation altitude: 60 m
- Navigation: - Two inertial Navigation System (LTN, 51) - +0.19 km (relative

accuracy)
- One GNS-500 VLF Comm/Omega

Since the standard deviation of these daily measurements are relatively small, a
simple adjustment may be made to any single day's PRT data to make them comparable
to that days AXBT data. For example, the PRT surface temperature analysis for 11
October can be made compatible with the AXBT data by subtracting 0.4°C from the
isoline values.

Surface drift estimates were obtained by deploying SSQ-57A sonobuoys at
equally spaced intervals along a linear track, then relocating each buoy later in
the flight using the aircraft's sonobuoy tracking system. The variation between
their initial drop points and new position, after drifting over a period of four
to five hours, provided the data for deriving individual buoy drift speeds and
directions. Sonobuoy specifications are detailed in Table E.

On several occasions the entire line of sonobuoys was tracked twice, with the
first tracking occurring two hours after the sonobuoys were dropped. On these
occasions, the results of both trackings showed linearity in direction and speed.
Thus, only the longer drift measurements are used to compute the drift rates and
directions presented here. However, the positions of both the first and second
drift locations can be found in the navigator's log also presented in this
Technical $oJe. Thus, the reader may replot the various drifts to get the total
drift vector. All times listed in figures and navigator's logs are Greenwich
Mean Times.

3
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TABLE B - OCEANOGRAPHIC EQUIPMENT ABOARD SEASCAN AIRCRAFT

INSTRUMENT TYPE/MANUF/MODEL PARAMETER MEASUREMENT TECHNIQUE RANGE ACCURACY RESPONSE TIME

Airborne Radiation Thermometer Radiometric A thermister bolometer -60 to +20°C +O.556C under I sec
Barnes Engineering Co. sky bridge circuit detects Can adjust to Taboratory
Model PRT-4A temperature in the 8.0-14.0 micron wider range conditions

region, for measure-
ment of sky
temperature.

Precision Radiation Radiometric Same as above except -30C to +80C +29C when Selectable:

Thermometer surface tem- uses 9.5 - 11.5 20 field of Selow 1000 3iscF
Barnes Eng. Co. perature region, view feet and 50 msec
Model PRT-5 after 500 msec

environmental
corrections.

Infrared Scanner Radiometric Energy received in 120 field +0.16C theo-
Texas Instruments surface the 8-14 micron of view. Fetical thermal
RS-310 temperature region is focused resolution with

on Mg Cd Te 3 milli-radiad
detector and is detector.
translated to +0.011C theo-
modulate the Fetical thermal
intensity of a resolution with
light spot 3 milli-rad
focused on film. detector. -

Laser Profilometer Surface Amplitude-modulated Typical +3 inches Selectable for

Spectra-Physics,Inc. wave heights helium-neon laser operating -uring op- 1, 3. 5, 10,
Model 3A Geodolite and terrain beam is reflected altitude is eration in 20, 50, or 100

profiles. from the target, 500 to 1000 the range of msec.

received, and con- 500 to 1000 msec
verted to a range feet.
value Range Steps:

10; 100;
1000; 10,000;
and 100,000 ft.

Airborne Expendable Water tem- Frequency modulated -2*C to +35% +0.5C off- 5 sec

Bathythermograph (AXBT) perature signal containing 0 to 400 'the-shelf.

Selected Govt. Contractors vs depth temperature data meters (0 to +0.150C with

Model AN/SSO-36 profile radioed to the air- 1312 feet) ecalibration.

craft where signals 5% of depth.

are converted to
temperature values.

Still Picture, Aerial Visual 2448 color positive, 73 44' field 60 lines/MM Shutter speed ..

Camera film 8"x8" format. of view. (AWAR) 1/1000 sec
Wilde Herburg Coverage at Frame Speed I
Wild 10,000 approx. per sec.
RC-8 15,000.

'4
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TABLE C - METEOROLOGICAL. EQUIPMENT ABOARD SEASCAN AIRCRAFTI

INSTRUENT TYPE/MANUF/MOOEL PARAMETER MEASUREMENT TECHNIQUE RANGE ACCURACY RESPONSE TIME

Dew Point Hygrometer Dew Point Stainless steel mirror -500 to +506C +1°C below 3°C/sec when
Cambridge Systems, Inc. is cooled to air U*C at nominal
Model 137-C3-S3 saturation (dew point) +O.5C above depressions.

temperature utilizing (rC
a thermoelectric cool-
ing technique. An
optical system senses
the dew and controls
the mirror temperature
at dew point.

Pressure Transducer Absolute Variable capacitance 370 to 1035 mb +1 mb 25 msec

J Rosemount, Inc. barometric proportional to
Model 1301A pressure pressure.

Quartz Crystal Thermometer Outside air Indicates temperature -80 to 250C +0.02% Less than 0.2
Hewlett Packard temperature as a consequence of sec
Model 2801A al so used frequency changes

for flight exhibited by tem-
calibrating perature sensitive
of PRT-5 quartz crystals

used as sensing
elements.
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Table D. Variation between PRT and AXBTr Lurfacel.Tempeature Values

Date
Oct Number of Mean Difference Standard
(1982) Comparisons (AXBT-PRT) Deviation

6 88 (+)0.03 0.27
11 63 (-)0.38 0.65
13 15 (+)0.23 0.26
15 54 (-)0.23 0.50
18 * * *

* No AXBT data available

TABLE E.- SSq-57A Sonobuoy Specifications

o Description and function ..................... Passive, omni directional
measurement of underwater
acoustical energy

o Transmission channels & power ................ 31 channels 1 watt
o Length (freeboard), width, and weight ........ 91.4 cm (15-20 cm) 12.4 cm, and

6.8 Kg
o Operating depth of hydrophone ................ 18 m (selected)
o Operating life ............................... 8 hours (selected)
o Antenna ...................................... Whip

Table F. RP-3A Data Collection during Donde Va?

Buoys Deployed I iINS Winds &

Flight No. Date Type Flight PRT AXBT Sonobuoys Air Temp

1 6 Oct Mapping Yes 88 0 Yes

2 9 Oct Marbella Line Yes 0 15 Yes

3 11 Oct Mapping Yes 79 15 Yes

4 13 Oct Marbella Line Yes 17 25 Yes

5 15 Oct Mapping Yes 75 15 Yes

6 18 Oct Mapping Yes 0 40 Yes

6
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11. _______ ______

II. SURVEY DESCRIPTION

The RP-3A aircraft staged from Rota, Spain and normally entered and departedUthe study area via the Strait of Gibraltar. During the study period six flights
were conducted, four of which were mapping flights over the entire Alboran Sea
west of Alboran Island (Figure 1). During these flights, the aircraft dropped
AXBTs approximately every 20 km to provide a grid of subsurface temperature data
to a depth of 300 m. (Atlantic water is restricted to the upper 200 m, thus,
these temperature data include all of the-inflowing water.) Normally the aircraft
flew at an altitude of 300 meters except where noted in the analyses. PRT
temperatures were collected along all flight lines.

Sonobuoys were dropped during these flights along the longitudinal line
4045'W from a point near Marbella on the Spanish coast to a distance 30 km north
of the Morrocan coast. This line and another sonobuoy drop line originating at
Marbella and situated at a slight angle to the 4045'W line have been termed the
Marbella Lines (Figure 1).

The remaining two flights were special flights whose flight tracks were
limited to the Marbella Line. AXBTs were dropped on only one of these two
flights, whereas sonobuoys were dropped on both flights. A listing of all of the
flights, their purpose, and the instruments used is presented in Table F.

III. DATA PRESENTATION FORMAT

'%- Part I, horizontal analyses and flight history will be presented in
chronological order and will follow a standard format for each mapping flight:*

- navigator's log
- 300 m INS wind analysis
- sonobuoy drift
- surface temperature (PRT) analysis
- 20 m temperature (AXBT) analysis
- 50 m temperature (AXBT) analysis
- 100 m temperature AXBT analysis
- depth of the 180 isotherm

The sonobuoy drift data for the Marbella Line flights of 9 and 13 October is
also presented in chronological order with the mapping flight data.

The vertical analyses in Part II will present one figure for each day that
will include the INS winds, current (i.e., sonobuoy drift) analyses and the
vertical temperature distribution along the Marbella Line and, in the case of 18
October, a generally east-west line.

IV. AIRCRAFT SCIENTIFIC AND TECHNICAL PERSONNEL

Paul E. La Violette, Chief Scientist (NORDA)
:A Jeffrey Kerling, Aircraft Scientific Coordinator (NAVOCEANO)

Norbert Schmidt, Electronics Engineer (NORDA)

Phil Parrot, Electronics Engineer (NAVOCEANO)
Ramon Andre Orlol , Technician (CSC)
Michele Champagne Philippe Scienti," France) (CMS)
Heinz van der Piepen , Sci. .t ('" many) (DFVLR)

*Note that no sonobuoys were dropped on 6 October and no XBTs were dropped on 18

October. 7
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PART I

HORIZONTAL ANALYSES AND FLIGHT HISTORIES

6 OCTOBER 1982
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